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PREFACE 


This  r'l'porl;  contains  an  analysis  of  the  physical  and  chemical 
oceanographic,  data  collected  during  the  winter  of  i960 >1961  In  the 
Arctic  Ocean  frcm  ihe  Arctic  Research  Laboratory's  Ice  Station 
(ARLIS  I).  Incluctid  In  this  report  Is  a  coniblDed  navigational  and 
station  location  chart  together  with  graphs  of  temperature^  salinity, 
and  8lgna>t.  All  of  the  bathythermograph  slides  have  been  reproduced 
and  are  also  Included. 

The  Investigations  were  carried  out  under  the  general  super* 
vision  of  Dr.  Phil  Church  (Executive  Officer,  Department  of  Meteorology 
end  Climatology)  and  Dr.  Clifford  Barnes  (Department  of  Oceanography), 
both  of  the  University  of  Washington.  George  E.  Brayton,  Oceanographer, 
directed  the  planning  of  the  investigations,  the  field  work  on  the 
los,  the  laboratory  analysis  of  sanples  and  the  presentation  of  the 
data.  Dr.  Kenneth  Bennington  assisted  a  great  deal  with  the  field 
work  and  Mrs.  Perla  Brayton  titrated  all  of  the  chlorlnltlea . 

Mr.  Max  Brewer,  Director  of  the  Arctic  Research  Laboratory, 

Point  Barrow,  Alaska,  had  the  primary  responsibility  for  the  establish  - 
meat  of  a  suitable  winter  canp  on  the  polar  Ice  pack  aud  for  periodic 
resupply  of  equipment  by  airdrop  and  occasional  landings  on  the  Ice 
floe  by  light  aircraft. 
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A. 


INTRODUCTION 

The  flnr.tlrtj  Ice  station  ARLIS  I  (Arctic  Research  Laboratory's 
Ice  Station  Nc>  l)  vas  occi;pled  by  scientific  personnel  from  Soptem* 
her  10,  i960,  until  March  17,  196I,  during  uhleh  tlsie  It  traveled 
vestvard  betuuen  the  7^th  and  7^  parallels  of  latitude  more  than 
^00  miles  across  the  Beaufort  £>ea  north  of  Alaska.  This  is  the  final 
report  on  the  oceanographic  work  and  contains  all  physical  and  chemi¬ 
cal  data  collected  during  Its  occupation. 

A  comprehensive  oceanographic  saspllng  program  vas  carried  out 
vhlch  Included  II8  stations  to  a  maximum  depth  of  1200  meters,  and 
139  easts  with  a  bathythermograph  capable  of  recording  temperatures 
to  a  depth  of  900  feet. 

Temperatures  have  been  corrected  for  all  reversing  thermometers, 
thermometric  depths  computed,  salinities  titrated,  and  slgma-t  values 
have  been  computed  for  all  of  the  oceanographic  stations.  The  geo- 
potentlal  anomalies  in  dynamic  meters  have  been  computed  for  all  of 
the  deep  stations  (1200  meters,  or  to  the  bottom  vhen  depths  were  less 
than  1200  meters)  along  the  course  of  the  drift. 

Observed  data  for  all  stations  together  with  interpolated  and 
computed  data  for  deep  stations  have  been  tabulated  and  are  presented 
in  this  report  In  the  Data  Tables  (see  Part  II). 

A  vertical  gra^  of  temperature  and  salinity  and  a  diagram  of 
temperature  plotted  against  salinity,  with  curves  of  slgma-t  have  been 
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prvaented  for  •ach  ooeanogras^ilc  station.  Vartleal  prof  Has  of  tasv- 
arature  and  salinity  from  U  netars  to  1200  astars  dapth  along  tha 
track  of  ARLI8  I,  anlsrged  taqparatura  and  salinity  prof  Has  of  a 
layar  of  aatar  batwsan  Uo  aatars  and  1^  mstars  and  aaeb  bathytbarmo* 
graph  sllda  hava  also  baan  drawn  and  Included  In  this  report. 

Tha  purpose  of  tha  ooaanogra^lc  investigations  In  the  Arctic 
Ocean  was  to  accuDulate  as  ouch  physical  and  chemical  data  as  possible 
during  tha  winter  months  to  suppleasnt  existing  knowledge,  and  specifi¬ 
cally  to  saogpla  In  detail  a  warm  layar  of  water  believed  to  exist 
between  Uo  and  1^  maters  depth. 

This  work  was  stqpported  by  the  Office  of  Naval  Research  under 
Contract  Nonr  477(2U),Task  Order  307-2^,  through  the  Department  of 
Nsteorology  and  Climatology  of  the  University  of  Washington. 


PREPABAEION  AMD  ggEABtlBHMaifl  Of  Vfj  ICB  g^ATIOlt 

Ibt  Arctic  BcMcreh  Laboratory'*  lea  Station  Ho.  1  (ARLI8  I) 
vaa  tb*  fourth  floating  lea  atatlon  aataibllahad  and  naintainad  by  ttaa 
Uhitad  States  Qovamaant  for  selantlfie  rasaareb  in  tba  Arctic  Ocean 
ana.  Tba  first  three  lea  stations  aare  astablisbad  and  sunortad  by 
the  U.  S.  Air  Foroa  by  ttaa  use  of  aircraft.  ARLI8  I  was  a  departure 
in  lea  station  logistics;  it  aas  astabliabad  by  tbs  U.  S.  Havy  vitta 
tba  use  of  ttaa  US3  Burton  Island.  All  of  the  buildings>  heavy  Qper« 
ating  aqulpnant  and  tba  aajority  of  supplies  needed  for  seven  nan  to 
live  six  nonttas  vara  transported  by  the  Burton  Island  to  the  ice  floe 
in  one  trip.  Thersaftar,  it  vas  believed  any  sxvplenantal  aquipMnt 
or  supplies  could  be  delivered  to  ARLIS  1  froa  Point  Barrov  by  the 
use  of  tba  Arctic  Resaarcta  Laboratory's  light  aircraft  (Cessna  ISO's). 

Bquipoent  and  vera  loaded  aboard  the  UBS  Burton  Island 

at  Point  Barrov  batvsan  Sapteobar  1  and  Saptaabar  3»  I960.  !Ebe  ice¬ 
breaker  than  sailed  easterly  close  to  the  Alaskan  and  Canadian  coasts 
to  avoid  heavy  ice.  Upon  reaching  an  area  to  the  soutbvest  of  Banks 
Island^  tbs  Burton  Island  than  sailed  northerly  to  a  point  off  Banka 
Island  at  about  7^  H.  Tba  ship  than  entered  tba  ice  pack  and  steased 
easterly  in  search  of  a  suitable  floe  on  \dilcb  to  sat  up  a  eaap. 

On  Saptanbar  10,  i960,  an  adequate  ioa  floe  vas  located  at 
about  7;^7'  and  13^16',  and  off-loading  began.  All  of  the  scientists 
and  crev  nenbars  that  could  be  spared  took  part  in  unloading  the  ship 
and  building  tba  caop.  Most  of  the  caiqp  construction  votic  vaa  cooplated 
on  Saptanbar  12,  and  the  Burton  Island  prepared  to  depart  for  Point 


Barrov. 
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Sev«n  mn  wre  left  on  the  Ice  floe  to  conplete  construction 
of  the  eeiqp  and  to  caxry  out  sciontlfic  investigations.  They  w:re; 

Dr.  Kenneth  Bennington,  University  of  Washington, 
ice  physicist  az^  station  leader; 

Dr.  Charles  Knight,  University  of  Washington, 

Ice  physicist  and  assistant  station  leater; 

Mr.  Qeorgs  E.  Brayton,  University  of  Washington, 
oceanographer; 

Mr.  Arnold  Hanson,  University  of  Washington, 
mlcrometeorologlst; 

Mr.  Robert  Ditzler,  University  of  Washington, 
mlcromstsorologist  and  radio  operator; 

Mr.  John  Tibbs,  University  of  Southern  California, 
marine  biologist; 

Mr.  Frank  Akplk,  Arctic  Research  Laboratory, 
caqp  maintenance. 

The  oceanographic  Installation,  vhich  consisted  of  the  oceano¬ 
graphic  hut,  tvo  winches,  and  a  four-foot  square  hole  throu£^  the 
twelve-foot  thickness  of  Ice,  was  not  completed  until  Septeoiber  2^th. 
The  first  oceanographic  observations  were  made  on  September  2^,  i960, 
and  were  continued  at  closely  spaced  time  Intervals  until  the  station 
was  abandoned  on  March  17,  1961. 

The  tracks  of  the  four  American  Ice  stations,  their  areal 
relationship  to  each  other,  and  their  approximate  coverage  of  the 
Arctic  Ocean  north  of  Aleuska  and  Canada  are  shown  In  Figure  1.  The 
course  taken  by  each  ice  station  is  an  indication  of  the  antlcyclonic 
pattezn  of  circulation  believed  to  exist  In  this  part  of  the  Arctic 


Ocean. 
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Ite  traek  diart  of  ARLIS  I  ftom  SeptoaiMr  2?,  19^,  until 
Murdi  17;  19^>  is  ahovn  in  Figure  2.  All  oceanogrepblo  stntlone  are 
Included,  end  an  oecMlonnl  navigational  position  has  been  indicated. 
For  detailed  navigational  information,  see  Table  3  of  this  report. 

The  line  along  uhlch  the  temperature  and  salinity  profiles  uere  con¬ 
structed  has  been  indicated  on  Figure  2. 

Oceanographic  obaervatlons  uere  condxicted  by  George  E.  Brayton 
between  Septeober  2^,  1999,  and  Decenber  7,  i960,  at  which  time  he 
returned  to  the  Aretio  Seeearch  Laboratory  to  si^rviae  the  reduction 
of  data  and  salinity  titrations.  Field  sastpling  was  oontinued  by 
Dr.  Kenneth  Bennington  until  March  11,  196I;  shortly  before  the 
station  was  abandoned. 

ICTHODS  OF  FIELD  SAMPLIBG 

A  special  plywood  work  hut  was  constructed  over  a  four-foot 
square  hole  throu^  the  loe,  the  use  of  which  was  shared  by  the  oceano¬ 
grapher  and  the  marine  biologist.  The  hut  contained  a  large  and  a 
small  vinch,  tripod,  stove,  Nansen  bottle  rack,  and  a  drying  area  for 
plankton  nets. 

The  large  vinch  became  inoperative  at  a  vary  early  date  and 
could  not  be  used  for  the  remainder  of  the  occupation  of  the  ice 
station.  A  small  electro-hydraulic  vinch  vlth  1200  meters  of  vire 
which  bad  been  taken  along  in  reserve  proved  adequate  for  all  oceano¬ 
graphic  and  biological  saaqpling  to  that  depth. 
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It  VM  b«llttv«d  that  a  varm  layer  of  vatar  of  poaslble 
Bering  Sea  origin  might  be  present  In  the  Beeoafort  Sea  between  i(0 
and  meters  depth,  and  detailed  throughout  this  laj'er  was 

dealrdile .  The  varm  layer  was  located  by  bathythermograph,  and  the 
following  sampllQg  procedure  was  adopted  and  followed  whenever  possible. 

A  bathythermograph  cast  was  made  to  a  depth  of  900  feet.  The  resulting 
slide  was  Inspected  visually  to  ascertain  the  depth  of  significant 
tenperature  fluctuations  to  determine  whether  the  standard  Intervals 
of  the  Hansen  Bottles  should  be  altered  to  adequately  cover  any  changes 
In  the  profile.  Next,  an  oceanographic  station  would  be  made  with  the 
bottles  placed  to  cover  temperature  fluctuations  (in  most  cases,  standaird 
depths  were  adequate)  from  J\Mt  below  the  Ice  at  four  maters  to  a  depth 
of  1200  maters.  Two  casta  ware  made,  one  from  four  to  two  hundred  maters 
and  the  other  from  twc  hundred  fifty  to  twelve  hundred  meters.  The 
deeper  cast  was  usually  made  first  as  storms  occasionally  arose 
suddenly,  making  a  deep  cast  very  difficult. 

Unprotected  thermometers  were  placed  at  the  100,  200,  300,  y>0, 
dOO,  and  1200  mater  levels.  Later,  as  a  further  check  of  depth  calcu¬ 
lations,  two  unprotected  reversing  thermomsters  were  used  at  some  of 
these  levels. 

A  shallow,  more  detailed  station  which  saiqpled  the  warm  water 
layer  at  five  meter  Intervals  followed  each  deep  station  except  In  a 
few  Instances  In  early  October,  i960.  The  shallow  (5  meter  Interval) 
stations  at  first  coversd  depths  between  UO  and  9^  meters  until  station 
28  on  October  26,  i960,  when  the  depth  range  of  sampling  was  Increased 

-7- 


to  UO-139  meters.  Vhen  a  shallow  station  was  made  after  a  deep 
station,  the  data  from  the  two  stations  was  eonhlned  In  one 
diagram;  therefore,  depths  such  as  7^,  and  100  meters  were  not 
repeated  on  the  shallow  station.  Often  one  depth,  such  as  forty 
meters,  was  saiqpled  on  both  stations  to  help  in  coiqparlng  the  data 
later. 

Each  pair  of  deep  and  shallow  stations  was  always  concluded 
with  a  bathythermograph  cast. 

Salinity 

Salinity  saoples  were  bottled  and  labelled  and  stored  In 
a  warm  plcuse  awaiting  shipment  to  Point  Barrow  for  titration. 

Resupply  aircraft  from  Point  Barrow  ware  expected  to  arrive 
at  ABLIS  I  by  early  Rovenber,  but  because  of  bad  flying  conditions 
were  not  able  to  make  the  trip  until  November  23,  I960.  The 
svipply  of  chlorlnlty  bottles  was  exhausted  on  station  Uo, 

November  7t  19^'  It  was  decided  to  continue  measuring  temper¬ 
atures,  however,  as  all  types  of  winter  data  In  this  part  of  the 
Arctic  Ocean  are  badly  needed.  Therefore,  no  chlorlnlty  samples 
were  collected  for  stations  4l-^,  for  a  period  of  almost  two  weeks. 

During  the  transport  of  chlorlnlty  samples  to  the  Arctic 
Research  Laboratory  by  light  plane,  some  bottles  were  broken  due 
to  freezing,  but  In  spite  of  the  extremely  cold  weather  encountered, 
loss  by  freezing  was  small. 

Temperature 

Temperatures  were  recorded  and  corrected  as  they  were 

R. 


obtained.  At  frequent  intervals  they  vere  eonq^ared  vlth  the  BI 
trace  to  spot  any  erratic  behavior  in  the  performance  of  the 
reversing  thermometers. 

Cvywen 

Ori.'iinclly  it  had  been  plaimed  to  titrate  oxy^n  samples 
on  ABLIS  I,  but  tlie  necessary  ;i;lassvare  was  misplaced  during  the 
loading  or  unloading  of  the  Burton  Island  and  never  arrived  on 
the  Ice  station. 

Depth  Sounding  and  Bottom  Samples 

Depth  measurements  vere  impossible  throughout  most  of  the 
life  of  the  station  because  there  vas  no  vorkable  echosounder  on 
the  Ice  station  and  the  oceanographic  winch  carried  only  1200 
meters  of  vlre^  whereas  the  depth  of  water  throuid^ut  most  of  the 
trip  is  believed  to  have  been  about  39X)  meters.  For  this  reason 
no  bottom  sampling  vas  possible. 

Towards  the  middle  of  January,  19^1,  ARLIS  I  drifted  into 
shallower  water  and  It  was  possible  to  make  some  depth  measure¬ 
ments  vlth  the  1200  meter  winch.  Depths  in  this  area  varied  from 
7^7  meters  at  station  dl  to  between  UOO  and  meters  from  station 
85  to  118. 

Current  Measurements 

Current  measvirements  vere  attempted  several  times,  but 

without  much  success.  A  Japanese  made  Ekman-Merz  current  meter  was 

used;  some  of  the  drawbacks  of  using  this  type  of  Instrument  under 

Arctic  conditions  became  immediately  apparent.  Current  directions 

are  determined  with  the  Ekman-Merz  current  meter  by  a  magnetic 
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eoBCMMB.  Moft  of  the  area  traversed  by  ARLIS  I  is  extrenely 
unreliable  magnetically,  as  tax  as  horizontal  directions  are  con¬ 
cerned,  sad  the  directional  Information  obtained  is  of  questionable 
value. 


Because  the  oceanographic  hut  could  not  be  heated  adequately, 
the  current  mater  clocking  mechanism,  shot  chanibers,  etc.,  would 
freeze  solidly  every  time  the  Instrument  vas  taken  out  of  the  vater 
for  a  reading.  It  voiild  then  have  to  be  thawed  out  over  the  stove, 
which  vas  very  tlma  consuming  and  could  very  easily  damage  the 
instrument.  The  Ekman-Merz  current  meter  vas  used  only  on  the 
warmest  days,  idilch  were  very  few,  and  the  results  obtained  were 
not  considered  vary  reliable.  The  results  of  current  observations 
are  presented  in  Table 

An  attenpt  la  being  made  to  Interpret  the  results  of  the 
current  observations,  and  they  may  be  published  at  a  later  date. 

MSTHODS  OP  DATA  ANALYSIS 


No  analysis  vas  attempted  on  the  ice  station  except  for  an 
occasional  check  of  the  temperature  measured  by  the  reversing  thermo- 
maters  against  those  from  the  bathythermograph  slides.  All  field  log 
sheets  and  chlorinlty  saaples  were  shipped  by  air  to  the  oceanographic 
laboratory  ^Ich  had  previously  been  set  up  at  the  Arctic  Besearch 
Laboratory  at  Point  Barrow. 
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At  the  laboratory,  all  protected  and  unpirotected  reversing 
thermoEceter  readings  vere  corrected,  and  the  salinities  vere  titrated. 
Dynamic  depths  were  computed  and  slgma-t  values  vere  determined  as 
rapidly  as  the  salinity  data  became  available.  The  anomalies  of 
specific  volume  and  the  geopotentlal  anomalies  In  dynamic  meters 
vere  computed  and  all  of  the  diagrams  vere  constructed  at  the  Depart* 
ment  of  Oceanography  of  the  University  of  Washington.  In  most  cases, 
a  deep  station  (4  -  1200  meters)  using  standard  depths  was  followed 
Immediately  by  a  detailed  station  sampling  the  layer  between  40  and 
150  meters  at  5  meter  intervals.  Vertical  distribution  curves  of 
temperatiore  and  sedlnlty  were  constructed  for  each  station  and  are 
Included  In  this  report.  When  a  standard  deep  station  and  a  detailed 
station  were  associated  with  each  other,  the  data  was  combined  on 
the  curves  and  both  station  numbers  appear  on  the  drawing.  The  data 
from  the  confined  stations  has  been  plotted  on  temperature-salinity 
diagrams  also. 

DESCRIPTION  OP  PHYSICAL  PROPERTIES 
Distribution  of  Temperature 

The  vertical  temperature  profile  from  4  to  1200  meters  along 
the  track  of  ARLIS  I  Is  given  in  Figure  3*  (Location  of  profile  is 
shown  on  Figure  2.)  The  profile  lies  between  74°  N  -  75P  N  and  l4o°  W  - 
170°  W.  The  water  Just  below  the  four  meter  thick  ice  was  considered 
the  surface  layer.  Surface  tenperatures  were  at  all  places  only  sli^tly 
above  the  freezing  point  of  sea  water.  Along  the  eastern  part  of  the 
track,  euad  earlier  in  the  season,  surface  teniperatures  xrere  between 
-1.56°  C  and  -1.60°  C.  As  the  season  progressed  and  ARLIS  I  drifted 
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furtlwr  vest,  surface  teiqperatures  decreased  slleditly  to  a  lov  of 
-1.6^  C  betveen  stations  33  and  ^  (during  the  month  of  Noveniber). 
Fzom  this  point  vest  to  station  67  (26  December  i960);  the  surface 
temperatujres  Increased  to  a  high  of  -1.43°  C  at  station  67.  Betveen 
stations  67  and  10^  (21  Febmary  1961);  surface  teiqperatures  vere 
betveen  -l.^°  C  and  -l.^°  C  decreasing  tovards  the  vest.  From 
21  February  I96I  (station  105)  to  the  ^nd  of  the  track  on  11  March 
1961  (station  117)  i  sxu^ace  ten^ratures  further  lovered  to  betveen 
-1.61°  C  and  -1.72°  C. 

The  temperature  of  the  vater  at  ^  meters  depth  decreased 
sere  rapidly  than  that  of  the  surface  layer  from  the  middle  of 
January  to  the  middle  of  March  (stations  6l  to  117) >  being  every- 
vhere  measured  less  than  -1.6l°  C  and  reaching  a  lov  of  -1.7^  C  on 
2  March  196I  at  station  111. 

The  vqpper  1^  meters  of  vater  exhibited  the  same  general 
tenqperature  characteristics  along  the  entire  ABLIS  I  profile.  (See 
vertical  tenqperatxire  distribution  curves.)  The  very  surface  layer 
vas  slightly  above  the  freezing  point  for  Its  salinity,  belov  this 
there  vas  sll^t  cooling  ^ich  vas  especially  pronounced  In  the 
vestem  end  of  the  profile.  Belov  about  UO-^  meters  depth,  the 
vater  Increased  In  temperature,  reaching  a  maximum  of  -1.0°  C  In  the 
east  and  -l.^°  C  In  the  vest  at  7^  to  80  meters  depth.  Belov  80  meters 
the  vater  cooled  to  minimum  temperatures  of  from  greater  than  -1.4°  C 
In  the  east  to  less  than  -1.6°  C  in  the  vest  at  about  1^  meters  depth. 
As  stated  above,  this  general  structure  vas  maintained  along  the  vhole 
profile  from  east  to  vest  ^lle  the  entire  system  cooled  somsvhat 
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(nofpt  for  tiMi  aurfftot  lagiar)  m  vlatar  profraaMd.  fka  ooaliaf 
of  tbt  lagiar  at  iK}  •  9)  wtara  daptb  baoana  aova  proaounoad  than  tha 
cooling  of  tte  iMtara  alboai  and  balov.  (Sea  Figvra  k  for  detail  of 
ta^paratuia  batwaan  4o  and  190  aatara  depth. ) 

Tha  eater  balov  ly)  aatara  depth  gradually  varaad  to  a  aaeliai 
of  fxom  40,i)8P  C  to  40. C  at  a  depth  of  gbout  900  aatara.  Balov 
900  aatarat  tha  ta^paratura  daoraaaad  until  valuaa  of  -0.19^  C  or 
-0.20^^  C  vara  raaohad  at  a  depth  of  1200  aatara.  The  tMparatura 
profile  bateaan  190  aatara  and  tha  daapaat  layar  aanplad  at  1200 
aatara  varied  to  aueh  a  ainor  dagraa  that  It  nay  be  aaaantially 
eonaidaxad  oonataot  along  tha  aotlra  ARL18  I  trade. 

An  anlarganant  of  tha  taqparatura  diatribution  batuaan  Uo  and 
190  aatara  depth  la  ahoen  on  Flgura  4  (ebich  vaa  drawn  along  tha  aana 
profile  aa  Figure  3)  and  on  tha  vartleal  taqparatura  diatribution 
eurvaa  of  tha  datallad  atationa.  Thia  layer  vaa  aaagplad  at  five 
aatar  intarvala  and  enlarged  in  order  to  give  greater  detail  of  tha 
vary  intaraatlng  taeparatura  atruetura  obaarvad  there.  The  iaothama 
praaantad  in  Figure  4  varnar  than  >1.4^  C  have  arbitrarily  bean 
dravn  heavier  than  thoae  colder  than  -1.4^  C  to  better  iUuatrate  the 
gradual  cooling  of  the  entire  layer  and  the  "tongue-lUce"  oonflgura- 
tion  of  the  verm  layer  ehlch  developed  between  Septeaber  and  Naruh  aa 
ARLI3  I  traveled  from  l4o°  Weat  to  170^  Weat  longitude. 
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DUtrUwrtlon  of  Salinity 


The  distribution  of  salinity  vlth  depth  (4  •  1200  meters) 
along  the  same  line  used  In  constsructlng  the  teiqperature  profiles 
Is  shovn  In  Figure 

The  surfaoe  salinity  had  a  nsxlnum  variation  of  about  2.^ 

^/oo.  The  highest  salinity  A^ues  oeeured  In  Koveidber  In  the  region 
of  station  %  and  the  lowest  In  January  near  station  T^.  Proceeding 
along  the  ARLIS  I  salinity  profile  from  east  to  west,  we  found  that 
aurface  salinities  of  sll^tly  less  than  29.0  °/oo  on  the  eastern 
end  of  the  profile  gradually  Increased  to  a  maximum  of  30.1  ^/oo  at 
station  ^  (74^03«3'H>  1^10.0'V),  and  than  gradually  decreased  to 
a  minimum  of  27.6  0/00  at  station  75  (74°35*3’II,  l6sPU2,y\l). 
Continuing  on  westward  from  the  area  of  the  minimum  surface  salinities, 
values  gradually  Increased  again  until  a  salinity  of  29  >7  °/oo  was 
observed  at  station  117  (74®50.5’H,  167®07.0'W)  In  the  middle  of 
March,  I961. 

Vertical  salinity  distribution  was  very  constant  throu^iout 
the  track  of  ARLIS  I  during  the  winter  season  1960>6l.  The  greatest 
variations  observed  were  those  of  the  surface  layers  noted  above. 

A  surface  layer  of  Isohallne  or  nearly  Isohallne  water  was 
present  at  most  stations  which  varied  from  about  30  meters  thick  at 
the  eastern  end  of  the  track  to  about  10  meters  thick  near  the  western 
end  of  the  track.  Balov  the  Isohallne  layer,  a  strong  halocline  was 
present  at  all  stations.  Salinities  Increased  sharply  from  26.0  ^/oo 
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or  30.0  Voo  to  3i^>0  ^/oo  or  3^.;)  ^^00  totwon  tho  ourfMo  la|«r  and 
$30  Mtors  depth.  From  230  metera  to  iKX>  or  300  matexm  the  aalinlty 
inoreaae  vas  alight,  uaually  increaalng  from  3^.3  ^/oo  to  a  maximum 
of  about  3^.9  ^/oo.  From  too  or  30O  maters  to  1200  maters  depth  the 
salinity  values  remaltMd  very  constant  at  3^.88  °/oo  or  3^*90  ^/oo. 

Salinities  mere  obtained  and  plotted  at  five  meter  Intervals  from 
a  depth  of  to  meters  doen  to  130  meters.  The  vertical  salinity 
distribution  vlthln  this  layer  has  been  enlargsd  for  greater  detail 
and  plotted  along  the  same  profile  as  Figures  3,  ^  and  3.  This 
enlarged  salinity  profile  la  shown  In  Figure  6. 

A  FRELIMZNABY  DISCUSSION  CP  TEE  OCBANOGRAFHT 

The  Navy  Bydrographlc  Office  (1938)  compiled  a  chart  Illustrating 
all  of  the  known  drift  patterns  of  the  various  ships  and  ice  stations 
In  the  Arctic  Ocean.  From  a  study  of  this  chart  It  is  believed  that 
the  drift  of  these  ships  and  Ice  stations  conforms  to  the  direction  of 
surface  current  flow.  The  drift  patterns  within  the  Beaufort  Sea, 
between  Alaska-Caxiada  and  the  North  Pole,  Indicate  the  presence  of  a 
large  antlcyclonlc  gyral.  Coachman  and  Barnes  (I961)  studied  the 
Beaufort  Sea  circulation  In  more  detail  and  they  pointed  out,  on  page 
131,  that  the  dynamic  topography  of  the  Beaufort  Sea  "is  In  excellent 
agreement  with  the  observed  drift  of  Ice,  both  as  to  direction  and 
velocity. " 

The  drift  track  of  ARLIS>I  crossed  the  southernmost  portion  (the 
east  to  west  current  movement) of  the  antlcyclonlc  Beaufort  Sea  gyral. 
The  characteristics  of  the  overall  drift  pattern  of  ARLIS  I  and  the 
water  coliunns  studied  as  the  area  was  traversed  are  consistent  with 
conditions  reported  previously  by  other  investigators  In  the  area. 


Baaed  on  the  drift  of  lee  atationa  T-3>  Alpha  and  Charlie 
to  ahioh  the  drift  of  ARLIS  I  haa  been  added,  Figure  1  Uluatratea 
the  location  of  the  Beaufort  Sea  gyral  and  ahova  the  relative  areaa 
of  Inveatigation  ehleh  each  floating  loe  atation  haa  covered. 

ABL18  I  drfited  a  total  of  about  9^0  ailea  in  17^  days;  thia 
waa  an  average  velocity  of  12.4  cb^mc.  Sona  of  thia  aoveaant  vaa 
undoubtedly  due  to  the  effect  of  local  vlnda  vbieh  at  tlaaa  vare  very 
atrong,  but  the  dominant  eeaterly  drift  of  the  ice  floe  ia  believed 
to  be  related  to  the  cusnenta  of  thia  aection  of  the  Beaufort  Sea 
gyral.  The  total  eeaterly  coavonent  of  eoveeant  vaa  about  ^  ailea 
in  174  daya.  Thia  eaa  an  average  eaaterly  velocity  of  6.6  oa^aec 
from  etart  to  finiah.  The  neaaured  average  velocity  of  6.6  em/aeo 
agPeed  perfectly  with  the  velocitlea  derived  from  the  dynaalc  top* 
ography  of  Coachman  and  Bamea  (I96I,  p.  192). 

From  an  examination  of  teaperaturea,  aalinity  and  algai-t 
diagraaa  in  thia  report,  a  nueber  of  atruetural  featurea  are  apparent. 
There  appear  to  be  three  dlatinot  typea  of  water  readily  dlatingulah* 
able  from  the  diagrama  which  are  deaerlbed  below  in  acme  detail. 

A  aurfaee  layer  of  Arctic  water  extenda  down  to  about  40 
metera.  Teqperaturea  in  thia  layer  are  Juat  above  freezing  and 
aalinity  valuea  are  relatively  low  (27.6  •  30.1  ^/oo)  .  One 
would  e^qpect  tenperaturea  to  decreaae  and  the  low  auzTaoe  aalinitiea 
of  early  fall  reaultiog  from  dilution  by  aunmer  melt  water,  to 
increaae  aa  the  winter  aeaaon  progreaaed.  Thia  appeara  to  be  the 
caae  for  the  period  from  Septeidber  throu^  Novenber  becauae  aurfaee 
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••llnltivt  IneireMed  from  29.O  to  30.1  »  and  ta^^raturaa 

deorsaaed  from  -1.96°  C  to  -I.63P  C  by  tha  and  of  Hovaadbar.  During 
tha  month  of  Oaoaadbar,  hovavar,  «han  fraazlng  vaa  vary  activa,  aur- 
faca  aallnltlaa  daoraaaad  to  a  low  of  27.6  ?/oo  '  and  tamparatuzaa 
Inezaaaad  to  a  of  -l.UjP  C.  Latar,  In  January,  aallnltlaa 
bagan  to  Ineraaaa  and  taqparaturaa  to  dacraaaa  onea  mora  and  eon- 
tinuad  until  aallnltlaa  raaehed  a  valua  of  about  29.7  0/00  and 
tamparaturaa  wara  lovarad  to  C  by  tha  mlddla  of  March. 

Oaat  (1999)  alao  ootload  thia  zavaraal  In  tha  aa^actad  aur- 
faca  taactaratura  -  aallnlty  tzand  ou  Station  Charlia.  Be  poatulatad 
that  advactlon  of  dUuta  aurfaca  vatara  into  thla  area  may  bo  gzaatar 
than  tha  rata  of  fraazlng. 

In  tha  layar  from  200  or  2^  matara  to  1200  metara  depth  tha 
water  colxam  vaa  vary  almllar  at  all  atatlona  occupied.  Sallnltlea 
gradually  Incraaaad  to  about  3^.9  ^^'00  and  the  temperature  of  tha 
vatar  varmad  to  a  maximum  of  C  at  ^  matera.  Balov  the  depth 
of  yx  matara,  aallnlty  vaa  vary  atable,  remaining  at  about  3^.9 
?/oo  all  the  way  to  1200  metara,  and  tha  taqparature  decraaaed 
alovly  reaching  0^  C  at  1000  metara  and  a  minimum  of  about  -0.2  °  C 
at  a  depth  of  1200  matara.  Tha  conoanaua  of  opinion  (e.g.  Hanaan, 

1902;  Timofeyev,  19?7>  19^;  Coachman  and  Bamea,  I96I)  la  that  thla 
layar  of  water  la  definitely  of  Atlantic  origin.  Tha  deapeat  vatar, 
vith  teqperaturea  leaa  than  0^  C,  la  alao  of  Atlantic  origin  and 
believed  to  be  "formed  only  during  winter  and  only  In  limited  geo¬ 
graphic  areaa  In  the  Norwegian  Sea"  (Coachman  and  Bamea,  196I,  p.l^O). 
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8«p*r»tlag  th«  turfaea  and  Atlantic  lairart  daaorlbad  Abota 
vat  a  third  layvr  of  vntar*  It  la  haraaftar  xafbrrad  to  aa  tha 
Intanadlata  layar*  Tha  Intanadlata  layar  vaa  ohamotarlaad 
by  a  ta^paratura  and  Blnlauai  and  a  vary  atx«ng  baloelloa 

and  pyonoollna.  Tha  vatar  ooluan  batvaan  iiO  and  liiO  matara  dapth 
vaa  aaagplad  at  ^  aatar  Intarvala  vhanavar  poaalbla  and  anlargad 
oroaa*aaotlona  of  taavaratura  and  aallnlty  axa  Ineludad  In  thla  report 
(Plguraa  h  and  6)«  fron  about  30  or  iiO  natara  dapth,  tha  taaparatura 
Inoraaaad  rapidly,  raaehlng  a  warlwnw  of  -ImifiC  in  tha  aaat  and 
-1.5^^  In  tha  vaat  at  7!)  or  80  aatara*  Tha  taaparatura  than  daeraaaad 
ahaxply  to  a adnlaon  of  allghtly  vamar  than  -l.ii^  In  tha  aaat  and 
laaa  than  •1«6^  In  the  vaat  at  about  130  or  200  matara* 

Tha  taaparatura  dlffaranoaa  vlthln  thla  Intaxmadiata  layer  vara 
not  grant  (laaa  than  0*3^),  but  they  paralat  throuahout  tha  antlra 
trade  of  ARLIS  I*  Thera  vaa  a  very  atrong  haloellna  in  the  Inter- 
nadlate  layer  idiara  aallnltlea  Inoreaaed  fron  28  or  29  Voo  to 
3^  or  34*3  ^/oo»  Zn  thla  area,  aallnlty  oontroUad  tha  dlatrlbutlon 
of  danalty  thua  the  atrong  haloolina  gave  rlaa  to  a  very  atrong 
pyonoellne* 

Slpaa-t  valuta  In  the  intemadlate  layer  fall  batvaan  23*9  and 

27*0*  (See  T-8  dlagraaa  In  Appendix  of  thla  report) 

Coaoboan  and  Bamaa  C1981)  have  noted  thla  layer  prevloualy 

and  dlaeuaaed  It  at  length  in  their  paper*  After  a  thorough  atudy 

of  tha  charaotarlatioa  pactiliar  to  the  Intamadlata  layer,  they  have 

oome  to  tha  eonelualan  that  It  la  fomad  by  adveotlon  af  vatar  from 

the  Bering  Sea  throu^  the  Chukchi  Sea,  mixing  with  the  Siberian 

ahelf  vatara  aa  it  traveled  north  and  eventually  Joined  the  Beaufort 

Sea  gyral  northveat  of  Point  Barrov* 
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and  Barnes  (1961,  p.  i;$8)  bellev*  the  entire 
layer  of  Intermediate  water  had  a  similar  seogrephlo;  but  a 
diffezent  seasonal  origin;  that  is,  the  water  of  the  shallow 
teiqperature  «— at  7^  to  80  meters  ’’originates  as  summer 
Bering  Sea  water,  and  the  water  of  the  tei^erature  minimum  at 
1^  meters  may,  in  part,  originate  and  be  maintained  by  mixing 
appropriate  amounts  of  Bering  Sea  water  with  shelf  water.  In  this 
ease,  bottom  shelf  water  would  mix  with  winter  Bering  Sea  water, 
and  the  resulting  mixture  would  be  denser  and  lie  below  the  water 
of  the  shallow  teiqperatine  maximum  in  the  Beaufort  Sea  gyral." 
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